Three new optically active bis-pyridino-18-crown-6 type ligands containing four lipophilic chains at the chiral centers [(S,S,S,S)-10, (R,R,R,R)-11 and (S,S,S,S)-12] were prepared by sodium ion template effect assisted "two-to-two" type macrocyclizations. The benzyloxysubstituted (R,R,R,R)-11 and (S,S,S,S)-12 were transformed to the new pyridone analogues (R,R,R,R)-13 and (S,S,S,S)-14 by catalytic hydrogenation.
Introduction
To our knowledge only a few optically active bis-pyridino-18-crown-6 type ligands, such as (R,R,R,R)-1, 2 (R,R,R,R,R,R,R,R)-2, 3 (R,R,R,R)-3, 4,5 and (R,R,R,R)-4 to (R,R,R,R)-8, 5 have been prepared (see Figure 1 ). Among these, the tetramethyl-substituted ligand (R,R,R,R)-3 has been studied most. Although it failed to show appreciable enantiomeric selectivity in complexing chiral primary organic ammonium salts, 4, 6, 7 ligand (R,R,R,R)-3 turned out to be very effective in inducing high enantio-and diastereoselectivity in rare earth metal mediated asymmetric aldol reactions in aqueous media. Reported optically active bis-pyridino-and bis-p-substituted pyridino-18-crown type ligands and also the reported mixture of racemic-and meso-bis-pyridono-dicyclohexo-18-crown-6 macrocycles.
Two procedures for the preparation of (S,S,S,S)-3 have been reported. Bradshaw and coworkers prepared it 4 in one step from (2R,3R)-butane-2,3-diol and 2,6-bis(tosyloxymethyl)pyridine by a so called "two-to-two" type sodium ion template assisted cyclization 11 in 15% yield. Kobayashi and coworkers 5 in turn used the same starting materials, but to avoid the low yield of the above method, applied a five-step procedure resulting in an only slightly better overall yield (18%). The latter authors extended their procedure to the preparation of the analogues (R,R,R,R)-4 to (R,R,R,R)-8 (see Figure 1 ) which they obtained in overall yields of 6, 1, 20, 19 and 9%, respectively.
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Our longstanding endeavor has been to prepare optically active lipophilic bis-pyridinoand bis-pyridono-18-crown-6 type macrocycles that would enable the study of the selective transport of metal ions in an aqueous source phase/organic membrane /aqueous receiving phase system 12 or potentiometric sensing when incorporated into an electrode membrane. 13 It is known that natural ionophores, such as valinomycin, lasalocid, monensin, etc. also contain several chiral centers and their chirality contributes to the selectivity in complexation and transport of metal ions through biological membranes. 14, 15 Several studies have shown that the stereostructure of chiral synthetic ligands has also a great influence on binding, solvent extraction, and transport of metal ions.
Concerning bis-pyridono-18-crown-6 type macrocycles, to our best knowledge only a mixture of racemic-and meso-bis-pyridono-bis-cyclohexano-18-crown-6 ligands 9 (see Figure 1 ) has been reported. 19 It was prepared by sodium ion template assisted "two-to-two" type cyclization from racemic trans-cyclohexane-1,2-diol and 4-(tetrahydro-2-pyranyloxy)-2,6-bis(tosyloxymethyl)pyridine using sodium hydride in tetrahydrofuran, followed by removal of the protecting group by acid. The overall yield was 8%. In our search for optically pure chiral macrocycles with enhanced selectivity for metal ions in complexation, solvent extraction, membrane transport and potentiometric studies we prepared a series of new highly lipophilic bis-pyridino ligands, namely (S,S,S,S)-10, the bisp-benzyloxy-substituted crown ethers (R,R,R,R)-11 and (S,S,S,S)-12 by the "two-to-two" type cyclization method. Removal of the benzyl groups from (R,R,R,R)-11 or (S,S,S,S)-12 gave bispyridono ligands (R,R,R,R)-13 and (S,S,S,S)-14 (see. Figure 2 ). In this paper we also describe the synthesis of the new tetrabutoxymethyl-substituted-18-crown-6 ether (S,S,S,S)-15 which was performed by the usual "one-to-one" method. We intend to compare the properties of the latter ligand to those containing pyridine, pbenzyloxypyridine and pyridone subcyclic units.
The above mentioned studies of the new ligands and also their applicability in stereoselective reactions will be published in the future, here we present only the synthetic work.
Results and Discussion
The "two-to-two" type cyclization to (S,S,S,S)-10, (R,R,R,R)-11, and (S,S,S,S)-12 was carried out by forming the disodium salts of the diols (S,S)-16 20 and (R,R)-17, 21 respectively with sodium hydride in THF followed by the addition of the ditosylates 18 or 19. The template effect of the sodium ion 11 allowed access to the macrocyclic compounds in yields of 19, 22, and 18% for (S,S,S,S)-10, (R,R,R,R)-11 and (S,S,S,S)-12, respectively. These yields can be considered as satisfactory for template assisted "two-to-two" type cyclizations. 2, 3, 4, 19 Preparation of the optically active diols (S,S)-16 20 and (R,R)-17, 21 and of the di-p-tosylates 18, 22 and 19 22 was performed as reported.
Catalytic hydrogenation of (R,R,R,R)-11 and (S,S,S,S)-12 gave the bis-pyridono-18-crown-6 type macrocycles (R,R,R,R)-13 and (S,S,S,S)-14, respectively.
Macrocycle (S,S,S,S)-15 was obtained by the usual "one-to-one" cyclization from the chiral tetrabutoxymethyl-substituted tetraethylene glycol (S,S,S,S)-20 23 and bis(2-tosyloxyethyl)ether (21) using NaH as a base in THF (Scheme 1). 20 (1.50 g, 6.4 mmol) in THF (15 mL) was added under argon to a suspension of NaH (60% in mineral oil, 0.72 g, 18 mmol) in THF (5 mL). After stirring the reaction mixture under argon for 1 h, 2,6-bis(tosyloxymethyl)pyridine (18) ]-tetracosa-1 
]tetracosa-1(23),8,10,12(24),19,21-hexaene [(S,S,S,S)-10]. A solution of (S,S)-1,4-O,O′-dibutylthreitol (S,S)-16

